A 3-kilobase-pair gene for rat brain pros- (5), and cochlea (6) but not in various other tissues (4). Furthermore, the principal cellular localization of the enzyme changes postnatally from neurons in the brain of 1-to 2-week-old rats to oligodendrocytes in adult animals (7). It is, therefore, likely that the enzyme plays important roles in both maturation and maintenance of the central nervous system and also that the expression of this enzyme is controlled by distinct mechanisms operating at each specific developmental stage of the cells in those tissues.
Prostaglandin (PG) D2 is a major PG produced in rat brain and functions as a neuromodulator of several central actions such as sleep-wake cycles, body temperature, luteinizing hormone release, and odor responses (for reviews, see refs. 1 and 2).
Among several enzymes catalyzing the conversion of PG H2 to produce PG D2, glutathione-independent prostaglandin D (PGD) synthase [prostaglandin-H2 D-isomerase; (5Z,13E)-(15S )-9a, lla-epidioxy-15-hydroxyprosta-5 ,13-dienoate D-isomerase, EC 5.3.99.2)] (3) is responsible for biosynthesis of PG D2 in the central nervous system (4) , retina (5) , and cochlea (6) but not in various other tissues (4) . Furthermore, the principal cellular localization of the enzyme changes postnatally from neurons in the brain of 1-to 2-week-old rats to oligodendrocytes in adult animals (7) . It is, therefore, likely that the enzyme plays important roles in both maturation and maintenance of the central nervous system and also that the expression of this enzyme is controlled by distinct mechanisms operating at each specific developmental stage of the cells in those tissues.
Previously, we isolated cDNAs encoding this enzyme in the brain of rats (8) and humans (9) . By a homology search in data bases of protein primary structure, the enzyme was shown to be a member of the lipocalin superfamily consisting of hydrophobic molecule transporters (9, 10) . Here we reveal ca m w1 X'-a. (20 ,ug) was digested with various endonucleases and hybridized with the cDNA for rat brain PGD synthase. ADNA digested with HindIII was used as a size marker (in kb). (B) Primer-extension analysis. A 5'-end-labeled oligonucleotide (5'-CCACAGCATTGGAAGAGCAGCCAT-3', depicted by arrow in Fig. 2 ) (1 pmol) was hybridized to 1 ,ug of rat brain mRNA and extended at 42'C for 1 hr with 20 units of reverse transcriptase; the reaction products were fractionated on a sequencing gel. The adjacent lanes T, G, C, and A represent complementary sequencing reactions with an Eco 01091 fragment including the entire exon 1 as a template and the same unlabeled primer. DNA sequence of the coding strand is shown at left. The cap site guanine residue is denoted with a star. the gene structure of rat brain PGD synthase 11 and show that the exon/intron splicing sites of this enzyme are also conserved between some, but not all, of the members of this protein family. This information is useful for further studies on the regulation of PGD synthase expression and the evolution of the highly divergent lipocalin family (11) . (12) . The radiolabeled cDNA was used for plaque hybridization screening of the genomic library.
MATERIALS AND METHODS
Southern Blotting. Rat genomic DNA was extracted from the liver of adult male Wistar rats as described (13) . The genomic DNA and DNAs of the cloned phages were digested with various restriction endonucleases, separated by electrophoresis on 0.8% agarose gels, and transferred to a nitrocellulose membrane. The membrane was hybridized to the 32P-labeled oligonucleotide cDNA insert for rat brain PGD synthase.
DNA Sequencing. The nucleotide sequence was determined by the dideoxynucleotide chain-termination procedure (14) after subcloning into M13mpl8 and M13mpl9 vectors.
Primer-Extension Analysis. A synthetic oligonucleotide primer was 32P-labeled at the 5' end. Total RNA was extracted from rat brain by the method of Chomczynski and Sacchi (15) , and the mRNA was purified by oligo(dT) column chromatography. the PGD synthase gene. A BamHI fragment (9 kb) from the cloned phages was subcloned into a pUC18 vector, used for detailed mapping of the gene with various restriction endonucleases and for further subcloning to sequence the DNA. The nucleotide sequence of the gene is shown in Fig. 2 .
The cap site as mapped by primer-extension analysis is a guanine residue 39 base pairs (bp) upstream of the translation start codon (ATG) (Fig. 1B) . The region up to 1.7 kb upstream of the transcription initiation site contains several features. Neither TATA nor CAAT boxes are found. A TATA-like sequence (ATAAATA) is observed at position -66 to -60 bp. However, this position is far from the initiation site as compared with the usual TATA boxes (-20 to -30 bp). Two possible Spl-binding sites are present at overlapping positions -142 to -137 and -146 to -141 (CCGCCC antisense). Several sets of direct repeat sequences (.10 bp, 100%o matching) and inverted repeat sequences (.12 bp, >90%o matching) are also observed (Fig. 2) As reported (9, 10), PGD synthase is a member of the lipocalin superfamily, which consists of various small (160-190 amino acid residues) secretory proteins sharing a common feature for binding and transport of small hydrophobic molecules (11) . Because of the high evolutionary divergence of this superfamily, the homology of the amino acid sequences of the members is very weak; yet the tertiary structure is well conserved to form a remarkably similar (3-barrel structure as revealed by x-ray crystallography of f-lactoglobulin (29), retinol-binding protein (30) , and bilinbinding protein (31) .
Compared with the genes for seven lipocalins already characterized, the structure of the PGD synthase gene is remarkably similar to those of the genes for 3-lactoglobulin (32), a2-urinary globulin (33) , placental protein 14 (34) , and ai-microglobulin (35); all corresponding exons are similar in size, all corresponding introns are identically spliced in phase, and all the genes except the a1-microglobulin gene possess an entirely noncoding exon 7 (Fig. 3) Proc. Natl. Acad. Sci. USA 89 (1992) 5379 in the seventh exon, constructing a protein named inter-atrypsin inhibitor (36) . The corresponding exons of a,-acid glycoprotein gene (37) are similar in size to those of PGD synthase, although one intron (intron 6) is out-of-phase and the seventh noncoding exon is lost in the al-acid glycoprotein gene. The structures of the genes for retinol-binding protein (38) and apolipoprotein D (27) differ from the other gene structures. These two genes have an entirely noncoding exon 1 and a fused downstream exon that corresponds to exons 4 and 5 or exons 4-6 of the PGD synthase gene, respectively. The positions of exon/intron junctions are well conserved among members of the lipocalin superfamily (32) . In a multiple alignment ofthe deduced amino acid sequences (Fig.  3) , the exon/intron junctions of PGD synthase were also present at the corresponding positions to those of other lipocalins despite a weak homology (13.1-24.7% identity and 28.8-44.2% similarity).
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The phylogenetic tree of 26 members of the superfamily reflects the structural similarity in terms of both gene organization and disulfide bonding patterns (Fig. 4) 
